UV-Vis absorption and fluorescence spectroscopy are used to test the quality and changes in the composition of extra virgin olive oil (EVOO) and canola oil (CO) with temperature. The increase of temperature caused a change in the molecular structures of both types of oils seen as a gradual decrease of intensity amplitudes of absorption and fluorescence signals. A significant alteration occurred at ≈200˚C where almost the main spectra of pheophytin-a, b, carotenoids, lutein and vitamin E in EVOO and linoleic acid and oleic acid in CO disappeared. An independent experiment showed the output of laser changes linearly with the input in oil at constant temperature (i.e., room temperature) where the transmission values of ≈33% and ≈75% are determined for EVOO and CO respectively. However, the transmission through a heated oil exhibited a non-linear behaviour which indicates the molecular optical response to thermal changes. The effect of storage time and adulteration of oils were also evaluated.
Introduction
There is a wide range of vegetable oils which are used for variety of daily applications such as cooking, cosmetics and pharmaceuticals. For example, olive and canola oils are considered mostly monounsaturated fat, while corn and soybean oils contain mainly polyunsaturated fat (i.e., more than one double bond) and How to cite this paper: Khosroshahi For the purpose of this research an EVOO and CO are selected for comparison.
Olive oil is a complex compound constitutes of fatty acids CH 3 (CH 2 )nCOOH such as monounsaturated oleic (≈83%) and polyunsaturated linoleic acid (≈21%), vitamins (e.g. vitamin E), water soluble components and used throughout the world particularly in Mediterranean countries. Fatty acid, is a carboxylic acid (R-COOH) consisting of a long hydrocarbon chain, with a terminal carboxyl group. The composition of olive oil varies with the cultivar, altitude, time of harvest and extraction process., i.e., cold-pressed or refined [1] [2] . If the olive oil is made by pressing and did not undergo any of the industrial processes used to make "refined" oils such as canola, sunflower, soybean, it is referred to as "virgin" olive oil (VOO). The lower grades of olive oils are labeled as "Pure", "Light", or simply "Olive Oil". Generally, the health-related beneficial properties of olive oil for cardiovascular disease and cancer prevention (e.g. colon cancer) are mainly attributed to its major components such as omega-3 and omega-6 fatty acids, vitamins (e.g., α-tocopherol, an antioxidant form of vitamin E) and strong antioxidant substances such as polyphenols [3] [4] . There for, VOO demonstrates high resistance to oxidation in comparison to other vegetable oils. An EVOO is the least processed form of olive oil with extra monounsaturated fatty acids than the other forms and is required to have no more than 0.8% free acidity, which improves its favorable flavor characteristics. The oxidative stability of EVOO correlates with the concentration of hydrophilic phenolic compounds and another significant minor component is α-tocopherol, which protects the oil from oxidation at higher temperatures [5] [6] . Canola oil (CO) produced in Canada is obtained from the seeds of Brassica napus and Brassica rapa. These cultivars are low in erucic acid and glucosinolates and have different chemical and physical properties compared to high erucic acid rapeseed oil. The main composition of canola oil is: linolenic, linoleic, oleic, palmitic, steric, high oleic canola and low linolenic canola. Apart from heating, other parameters which directly affect the oil quality are light and the storage period. For these reasons they are more expensive due to the arduous tasks involved during the cultivation of olive trees, the harvesting and the extraction processes. This is normally the main reason for their adulteration with other edible oils of lower commercial value [7] [8] . Consequently, a rapid, inexpensive and non-invasive analytical technique would be desirable particularly for on-line applications. Considerable amount of research and information is available in literature using different techniques including high-performance liquid chromatography (HPLC) [9] , Fourier-transform infra red spectroscopy (FTIR) [10] , mass spectroscopy (MS) [11] , nuclear magnetic resonance (MNR) [12] , inductively coupled plasma optical emission spectroscopy (ICP-OES) [13] , Raman spectroscopy [14] and optical spectroscopy such as absorption and fluorescence spectroscopy [15] [16] .
Briefly, fluorescence as a kind of photoluminescence is based on the excitation of molecules from the ground state by absorption of radiation with an energy 
Materials and Methods
Two EVOO in dark green colour glass, one fresh and other with 6 months storage time and a fresh canola oil were used for the experiment. The oils were poured in 10 mm cuvette without dilution for UV-Vis absorption spectroscopy 
Results
Figure 1(a) shows the absorption peaks of fresh EVOO at room temperature with multiple peaks where the 300 -400 band provides some information about polyphenols antioxidants [16] . The absorption maxima located at positions around 425, 450 and 476 nm are due to presence of carotenoids, however, the 407 nm peak of pheophytin-a, which is a chemical compound that serves as the electron carrier in the electron transfer pathway of photosystem in plants can be easily overlapped by 424 nm peak of carotenoid. The 525 nm peak corresponds
to vitamin E and chlorophyll band has two maxima positioned at 430 and 664 nm (≈670 nm in our case) respectively. The chlorophyll and carotenoids significantly affect the olive oil colour, which is an important factor for consumers.
The greenish hues of VOO is due to chlorophyll pigments particularly pheophytin-a which is found in great amount in olive oils. The major yellow pigments of EVOO are explained by the presence of lutein and β-carotene. [20] . Lutein is one of two major carotenoids and like xanthophylls is found in high quantities in increases, the transmission also increases, which in this case corresponds to ≈30%. This is investigated independently and will be discussed in the following sections.
As it can be seen in Figure 3 , the corresponding absorption peaks of older EVOO show a significant difference compared with the fresh sample. The 425 nm peak has reduced considerably and the other maxima have almost vanished, however, the 670 nm peak shows no considerable change. A similar effect was observed when the temperature was increased and the amplitudes of corresponding peaks reduced by almost 80% and 50% for the above results respectively.
The experiment was repeated with CO and the results in Figure 4 show three distinct maxima at 285, 360 and 420 nm where the first one is thought to correspond to linoleic acid and the latter two to oleic acid respectively. It is interesting to note that the peaks amplitude did not change by increasing the temperature The transmission curves shown in Figure 5 demonstrates the fact that by increasing the temperature, transmission increases as expected similar to EVOO. the adulteration effect, a mixture of EVOO and CO with equal ration (50% -50%) was prepared and the experiment was repeated at room temperature. As seen in Figure 6 (a), the EVOO showed its main characteristics but with much reduced amplitudes. Also, the line 360 nm of CO appeared in the curve. The corresponding transmission result is shown in Figure 6 (b) where an increase of ≈20% occurs due to addition of higher transmissive properties of CO.
An independent experiment was performed to test the transmission properties of oils by using a 406 nm laser with variable out put power. The results in Figure   7 (a) indicate that for a given oil, the transmission increases by increasing the laser out put power and that it is higher for canola (75%) compared to EVOO (33%), which is explained in terms of optical behaviour of oils at molecular level in discussion section. 
, f n n is dimensionless function of the refractive indices of the particle and the environment. Assuming the small particles are identical in terms of their size, shape and orientation, the scattered light is symmetric about the particles. However, when the particles size increases, the wavelength dependence of the intensity of the scattered light decreases and the intensity distribution increases in the forward direction. In this case, the scattering phase function p for small angles is much higher than for all other angles, thus the mean cosine of the scattering g tends towards a value of unity. Therefore, higher the g value the more forward-peaked the scattering.
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where ds′  represents the photons travelling in direction ds  are scattered into a new direction. It is noteworthy that the output signal is combination of The experiment was repeated for CO as shown in Figure 10 and a major peak at 550 nm and a minor peak at 580 nm were observed (CR). Again, no considerable changes occurred until 100˚C where the amplitudes of both peaks began to reduce. At 150˚C, the intensity decreased by 50% and at 200˚C decreased even further down to about 37%.
Discussion
This work describes the effects of temperature on composition and the quality of two widely used vegetable oils: EVOO and CO. Heating can be applied in different ways such as frying, boiling and microwave oven. Therefore, in the context of cooking, a variety of chemical changes are expected to occur depending on the nature of technique as well as the degree of heating and exposure time.
These changes include chemical reactions, which in turn can be in the form hydrolysis, oxidation and polymerization all of which lead to possible loss of nutritional values and in some cases at long run causes a serious health problem due to release of free radicals namely cancer. Indeed, it has been shown [21] that microwave cooking of fatty foods at high temperature produces isomeration (i.e., formation of trans) of the double bonds of fatty acids. In a research, [22] two different brands of olive oils to study the heating effect and reported that tocopherols and polyphenols were the most affected by the thermal treatment with highest degradation rate. The degradation of vegetable oil quality is mainly caused by the oxidation of fatty acid, which produces hydroperoxide and some volatile compounds through initiation, propagation and termination [23] . The initiation phase starts with breakdown of hydrogen bond by the reaction where the initiator can be in the form of heat, light, free radicals, photosensitizing pigments and metal ions [23] . This reaction produces two free radicals that are responsible for producing peroxyradicals, which will grow rapidly in oxygen-rich sites. Consequently, hydrogen is taken out from an unsaturated fatty acid to form hydroperoxide and other free radical. The concentration of produced hydroperoxide increases during the propagation stage and at the termination phase, the oxidation process continuous the transformation of hydroperoxides into secondary nonradical oxidation compounds such as aldehydes, alcohols, esters, short-chain hydrocarbons and volatile ketones. Therefore, the presence of antioxidants including vitamin E, phenols and carotenoids in oils are essential to counteract the oxidation process. The results of UV-Vis absorption spectroscopy of both oils showed a systematic decrease of all dominant absorbance peaks with increase of temperature.
This can be explained by Maxwellian distribution where by increasing the temperature, the thermal velocity distribution curve of molecules broadens and thus, the peak of curve is red-shifted. This red-shift in turn implies that the molecules no longer observe the optimized or maximum absorbing photons hence causing a change in peak. Therefore, the molecules population ends up absorbing a broader range of wavelengths than it did at a lower temperature. Indeed, the absorption process is very specific and results in an attenuation of the radiation and an increase of the electrons of the atom or molecules. Thus, such a shift will result in lowering the amount of energy absorption by specific target molecules.
The root mean square velocity of molecules is
where M is the molecular mass, R = 8.31 J•mol
•mol −1 universal gas constant and T is the temperature. For polyatomic system the average kinetic energy is
which causes the energetic displacement of molecules with respect to their equilibrium position consequently results in more deviation of molecules from the beam path. Thus, effectively, we have
where Δλ is the change in incoming laser wavelength and λ 0 is the initial laser wavelength and β is the proportionality constant. Such temperature-induced molecular displacement can also create more inter-molecular space within the medium through which the beam can propagate and be transmitted more then when it was at lower temperature, Figure 8 . From Beer's Law
where A is the absorbance of medium, ε is the molar absorptivity (M 
In the case of EVOO included 425, 450 and 476 nm corresponding to presence of carotenoids with possible overlapping between 407 nm peak of pheophytin-a and 424 nm peak of carotenoid, vitamin E with a characteristic peakat 525 nm and the chlorophyll band with two maxima at 430 and 670 nm. In the case of CO, the peaks at 280, 360 and 420 nm mainly corresponding to linoleic and oleic acids exhibited a similar behaviour. During the heating in both cases, significant changes such as decrease of oxidative stability were observed above 100˚C, which can suggest the depletion of antioxidants. Oxidative stability is resistance of oils against oxidation during processing and storage [24] and is a key indicator to determine the quality of oil shell-life [25] because low-molecular weight off-flavour compounds are created during oxidation process. Therefore, essential fatty acids are destroyed, and some toxic compounds and oxidizing polymers are produced [26] . Deodorization, is a term used in industry to represent the processing stage where isomeration occurs from cis (i.e., the ends of carbon chain of fatty acid is bent towards each other) to trans (i.e., opposite direction). From a nutritional point of view the cis is more desirable as fatty acids with trans tends to modify the texture and melting properties of fat or oil. During refine processing of CO, formation of trans isomers of linolenic and linoleic acids are observed and oleic acid is less prone to isomeration [27] . It was found out that after two hours at 260, about 22% of the linoleic acid was transformed into trans isomers. As it is seen from Figure 3 there is a significant change between the fresh and the aged EVOO. This can be explained by the fact that during storage, oil is subject to hydrolysis, oxidation and polymerization all of which result in deuteration of oil quality both in sensory and nutritive values. Hydrolysis can further undergo oxidation reactions, which was explained above [28] . All the possible changes occurring in an oil for different reasons exhibit the chemical alterations in different ways as observed in LIFS results where the amplitudes of fluorescence intensity progressively decreased in both EVOO and CO with temperature. For example, by increasing the temperature the peak corresponding to chlorophyll at 660 nm is strongly diminished and in fact vanishes at ≈200˚C (Figure 9 ). Also, adulteration indicated a noticeable change in absorption spectrum and it can be utilized to test the originality, however, to differentiate between different types of oils LIFS can be employed simultaneously for the purpose of completeness.
Conclusion
UV-Vis absorption and fluorescence spectroscopy were used to test the quality and changes in the chemical structure of two types of EVOO and CO. The results confirmed that the composition and possible changes can be detected by both systems. The increase of temperature caused a change in the molecular structures of both types of oils seen as a gradual decrease of intensity amplitudes it is suggested best tested by using a combined system.
